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1.0 INTRODUCTION

These test procedures describe laboratory studies proposed to investi-
gate ex situ methods to remove chromate [chromium(VI) or Cr(VI)], nitrate
(NO," ) and uranium [present as uranium{VI) or U{VI) species] from contaminated
Han?ord Site groundwaters. The technologies to be investigated, chemical
precipitation or coprecipitation to remove chromate and uranium and anion
exchange to remove chromate, uranium and njtrate, are identified in the
100-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992a). Precipitation is
not expected to remove nitrate from solution.

Precipitation-based removal of Cr(VI) (as well as associated metals such
as zinc, nickel, cadmium, and copper) from plating bath wastes has been tested
and implemented (Beller 1989). The process utilizes sodium sulfide (Na,S) and
ferrous sulfate (FeS0,) to first reduce Cr(VI) to Cr(III) and then to (co)pre—
cipitate the reduced ﬁr(VI) with the resulting ferric hydroxide (Fe(QH).)/
ferric sulfide (FeS The successful results of the implementation o? this
approach corroborate’ west1nghouse Hanford Company (WHC) laboratory studies in
which Na,S and FeSO, were used separately in the reduction and precipitation
from solution of Cr(VI) (Thornton 1991). The method proposed by Beller (1989)
will be tested for removal of Cr(VI) from Hanford Site groundwater. The pos-
sible reduction/precipitation and retention of U(VI)} by this technique also
may occur and will be tested. Removal of uranium from Hanford Site ground-
waters and wastewaters by Fe(OH), coprecipitation has been tested with
promising results (Hodgson 1988).

Carrier precipitation of U{VI) by calcium hydrogen phosphate (brushite,
CaHPO,) has been implemented in treating uranium fuel fabrication plant waste
solutions (Muller 1984). Thus, simple addition of disodium hydrogen phosphate
(Na,HPO,) to precipitate brushite from the contained calcium ion natura11y
present in the Hanford Site groundwater will be tested for its efficacy in
removing U(VI). Experiments may show, however, that additional calcium ion,
introduced as calcium chloride {CaCl,) solution to the groundwater, is
required to provide sufficient prec1p1tate to carry uranium. The incidental
rﬁmozaé of Cr(VI) from solution by coprecipitation with brushite also will be
checked.

The precipitation method(s) for Cr(VI) and uranium removal from the
groundwater may be used in conjunction with a biodenitrification method for
nitrate removal. Thus, an important subsequent objective shall be the
successful integration of the proposed precipitation and biodenitrification
steps.

Strong-base anion exchange has been used in separate approaches to
remove €r(VI) from corrosion inhibition solutions used in water-cooled heat
exchange equipment and to remove nitrate from nitrate-polluted waters
(Kirk-Othmer 198la). Strong-base anion exchange alsoc has been used success-
fully in uranium milling operations (Benedict 1981) as well as to remove U(VI)
from contaminated Hanford Site groundwaters {Delegard 1986).

In the proposed tests, three strong-base anion exchange resins will be
tested for their efficiency and capacity ir removing the three contaminants
(chromate, uranium and nitrate) from Hanford Site groundwater. Based on these
tests, one, or possibly two, of the resins will be evaluated further for
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breakthrough capacity and regeneration characteristics. The three resins were
selected for these applications on the recommendations of the resin manufac-
turers, Rohm and Haas and Dow Chemical Company.

2.0 SCOPE AND OBJECTIVES

These test procedures identify all tests to be performed and the asso-
ciated testing parameters, schedules, and data collection requirements. Also
identified are the organizations responsible for the several tasks involved in
this work and the locations the laboratory work will be performed. Included
are the experimental designs and general procedures to be used in preparing
the solutions and assembling the test apparatus. The objectives of these

.studies are summarized in Table 2-1 (DOE-RL 1992a).

Table 2-1. Test Objectives.

Reduction/precipitation Determine physical conditions and removal
chemistry, and associated sludge generation
quantities; determine reaction rates; determine
effects of feed variability and presence of
octher contaminants; determine sludge charac-
teristics, stabilization, and filtration
qualities; determine if biodenitrification
hinders precipitation or reduction reactions;
determine co-removal of uranium.

Ion exchange Determine pretreatment requirements; determine
optimum resin(s); determine falloff in loading

after multiple cycles; determine resin regener-
ation requirements, and waste volumes and
compositions.

3.0 REQUIREMENTS

The safety, quality assurance, reporting, equipments requirements and
schedule for this task are elucidated below.

3.1 SAFETY REQUIREMENTS

Laboratory personnel will comply with the WHC Chemical Hygiene Program
(WHC 1992) and other internal WHC industrial safety requirements. Special
safety requirements identified in this test plan are associated with the use
of solutions, solids and labware containing chromate and uranium. Handling of
these materials will be conducted in fume hoods to eliminate inhalation
hazards. The operator will wear rubber gloves as protection against absorp-
tion pathways through the skin.
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Material Safety Data Sheets (MSDS) shall be utilized as a primary refer-
ence during the handling of the chemical materials used in the tests. The
MSDS numbers for the chemical materials identified in the testing activities
are listed in Table 3-1.

Table 3-1. MSDS Numbers for Materials.

Chemicals Na,CrQ, 1486
U0,{NO),* 6H,0 2783
NaNO, 1506
FeS0, 2871
Na,S ‘ 1512
Na_HPO, 1886
NaCl 1485
NaHCO, 1480
CaCl, 1087
AgNO, 1472
Resins IRA-402°, Rohm and Haas 13688
IRA-410°, Rohm and Haas 13538
Dowex 21K®, Dow 10847

3.2 QUALITY ASSURANCE/QUALITY CONTROL AND DATA
RECORDING REQUIREMENTS

The activities undertaken in this test procedure shall be performed in
accordance with the quality assurance program plan (QAPP) for the Processing
and Analytical Laboratories (WHC 1993). The QAPP is written to ensure com-
pliance with the U.S. Department of Energy (DOE), Richland Field Office (RL)
requirements for environmental restoration work (DOE-RL 1992b).

A1l data collected during the course of these testing activities shall
be recorded on approved data sheets or in controlled laboratory notebooks
issued through WHC Document Control. Data sheets shall be affixed into the
Taboratory notebooks. These records shall be reviewed and approved by super-
visory personnel within the performing organizations in a timely manner and
shall be organized and stored under controlled conditions maintained by the
performing organizations. These records shall include identification of all
key measuring devices and associated calibration records. Chain-of-custody
records for samples and analytical records associated with samples also shall
be maintained and stored in a controlled manner. Data and sample control
activities shall be performed in accordance with QA requirements of the
performing organizations and in a manner appropriate for an Impact Level 3Q
developmental effort (i.e., in a manner consistent with standard laboratory
practices with QA review). These records shall be available for review by
representatives of the WHC Environmental Engineering Group.
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Analyses of the chromium- , uranium- , and nitrate-containing solutions
utilized in this work shall be obtained through WHC Analytical Laboratories to
verify the concentrations of chromjum, uranium, and nitrate being used and to
check the stability of the solutions. A sample of the Hanford groundwater
utilized in these experiments shall also be analyzed for cations (by induc-
tively coupled plasma spectrometry (ICP)), anions (by ion chromatography (IC},
total organic carbon (T0C), total inorganic carbon ((TIC), which is carbonate,
C0,%"), uranium, Cr(VI), and pH.

The reference numbers for the procedures used for chemical analyses are
presented in Table 3-2. As these analyses may be performed at either 222-S or
PUREX laboratories, method numbers for both laboratories are given where
appropriate.

Table 3-2. Chemical Analyses.

Minimum
Analyte(s) | Method # Title Detection Per formance
Limit
Cations LA-505-151 1CP Emission Spectrometer Method for 50 ppb 100 ppb Cr{VI)
crce) Trace Element Analysis of water and
waste.
Total LA-505-151 ICP Emission Spectrometer Method for 50 ppb 100 ppb Cr(vi)
chromium LA-505-241 Trace Element Analysis of water and
waste,
Chromium(VI) | LA-265-101 | Spectrophotometric determination of 25 ppb 80 ppb Cr(VI)
crivl)
Anion (I1C) LA-533-105 | Anion analysis on Dionex Modet 40001 10,0600 ppb | 45,000 ppb
LA-533-201 nitrate
Nitrate LA-533-105 Anion analygis on Dionex MWodel 40004 10,000 ppb 45,000 ppb
LA-533-201 nitrate
Uranium LA-925-106 | Determination of uranium by laser 1 ppb U 15 pCi/L gross
fluorimetry alpha = 22 ppb
uranium
Total LA-344-105 | Determination of carbon in solutions N/A N/A
organic by combustion and coulometry
carbon
Total LA-622-102 | Determination of carbonate/carbon or N/A N/A
inorganic TIC in solutions by coulometry
carbon
Total alpha LA-508-101 | Alpha and beta in liquid sample 15 pCi/l gross
and total alpha
beta 40 pCi/L gross
beta
pi LA-212-102 | Determination of pH direct measurement [ N/A N/A

*Values from DOE 1992a.
**Based on natural uranium.

N/A = Not Applicable
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The precision and accuracy for all analyses will be 25% RPD and 75 to
125% recovery, respectively. Representativeness is addressed by using soiu-
tions which have concentrations that are similar to either regulatory perfor-
mance levels or contamination levels found in 100 Area groundwaters. Compara-
bility of the data generated will be discussed, where appropriate, in the
final report.

3.3 REPORTING REQUIREMENTS

Original or high quality copies of all records generated during the
testing activities shall be assembled as a project data file by the performing
organization, the WHC Process Chemistry Laboratory (PCL). These data packages
shall be transmitted to the WHC Environmental Engineering Group and shall be
accompanied by letter reports describing the work performed. The results and
conclusions obtained from the activities described in this test procedure
shall be compiled and documented in a project report coauthored by representa-
tives of the WHC Environmental Engineering Group and PCL. This report shall
be completed and delivered to WHC management by 2 September 1993.

3.4 SCHEDULE

The schedule for these tasks has been defined in the treatability test
plan {(DOE-RL 1992a). The points in the schedule pertaining to the laboratory
activities defined in this test procedure are summarized in Appendix A.
Further activities related to this test procedure are outlined below.

Task Name Start Date Duration, mo
HA-3 Lab Test Report 1-Jun-93 5.5
Data Evaluation 1-Jun-93 3
Submit report for review 2-Sep-93 0
WHC Review 5-Nov-93 1
RL/HQ Review 9-Dec-93 1.5
Issue Document 28-Jdan-94 0

3.5 EQUIPHMENT

Ordinary laboratory equipment will be used, which includes, but is not
limited to centrifuges, stirrers, ion exchange columns, pumps, centrifuge
tubes and pipetters.
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4.0 PROCEDURE OVERVIEW

4.1 TREATMENT PARAMETER SELECTIONS

The goal of the tests described in this test procedure is to determine
the efficacy of precipitation-based techniques in the removal of Cr(IV) and
uranium and the efficacy of anion exchange in the removal of Cr{IV}), uranium,
and nitrate from Hanford Site groundwater. Steps involved in these activities

include:

Precipitation Tests

1.

2‘

Collect uncontaminated Hanford Site groundwater, analyze for
the analytes listed in Table 3-2 (except gross alpha and
gross beta)

Spike chromate, U{VI) and nitrate into the uncontaminated
groundwater in varying concentrations according to the
statistical plan (Section 4.2)

Aliquot spiked groundwater and introduce precipitation
agents, noting temperature.

Mix treated groundwater samples thoroughly

Collect, filter and analyze groundwater samples for Cr(VI),
total chromium and uranium, anaiyze filter cake for volume
and percent water.

Integrate and interpret resuits and select most effective
precipitation agent

Treat fully spiked groundwater with selected precipitation
agent and collect, filter and analyze groundwater samples,
for Cr(VI), total chromium and uranium as a function of
time, analyze filter cake for volume and percent water.
Integrate and interpret resuits

Exchange Tests

O 1 b

et |

Coliect uncontaminated Hanford Site groundwater, analyze for
the analytes listed in Table 3-2 (except for gross alpha and
gross beta)

Spike Cr(IV}, U(VI), and nitrate into the uncontaminated
groundwater in varying concentrations according to the
statistical pian

Condition resins to chloride form using NaCl soiution
Aaliquot spiked groundwater and introduce conditioned resins
Agijtate groundwater/resin samples thoroughly for 30 min
Centrifuge groundwater/resin mixture, collect supernatant
solution and analyze groundwater samples for Cr{VI), total
chromium, uranium and nitrate

Integrate and interpret results and select most effective
resin

Perform breakthrough test on selected resin by pumping

fully spiked groundwater through a resin column and
collecting, filtering and analyzing effluent groundwater
samples as a function of throughput velume
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9. Perform load/elute cycling tests of selected resin to
monitor resin stability
10. Integrate and interpret resulis.

4.2 CONFIRMATORY TESTING

Following the precipitation and anion exchange tesis described above,
confirmatory tests will be run using contaminated groundwaters obtained from
wells 199-D5-15 (high chromium and low nitrate and radionuclides), 199-H4-4
(high nitrate and radionuclides but Tow chromium) and 199-H4-12 (low nitrate,
chromium, and radionuclide contamination). These waters have been specified
for testing (DOE-RL 1992a) and will be examined using selected precipitating
agents, anion exchange resins, and treatment conditions delineated in the
following sections.

The confirmatory testing will also include: (2) the use of groundwater
after the beiodenitrification tests; (2) gross aipha and gross beta analyses;
(3) pH before and after treatment regimes; and (4) gravity settling test (for
flocculation basin parameters).

4.3 RESPONSIBILITIES

The WHC Environmental Engineering Group shall be responsible for project
management activities and for step 1 in both sets of tests. The WHC
Environmental Engineering Group shall also be jointly responsible, with the
WHC PCL, in the integration and interpretation of results (steps 6 and 8 in
the precipitation tests and steps 7 and 10 in the anion exchange tests).

Personnel in the WHC Process Chemistry Laboratory shall perform the experimen-
tat;on and shall submit the samples to the WHC Analytical Laboratories for
analysis.

Personnel safety must be considered in handling the moderately hazardous
materials involved in these tests. Protective rubber gloves shall be worn
whenever working with Cr(IV)- or uranium-bearing materials or equipment. Any
experimentation involving Cr(IV) or uranium must be conducted in a hood. A1l
Taboratory tests will be conducted at the 222-S laboratory. Analytical work
will be conducted at 222-S/202-A (PUREX) laboratories.

4.4 PREPARATION OF SPIKED HANFORD SITE GROUNDWATER

Artificially contaminated Hanford Site groundwater shall be prepared by
spiking uncontaminated Hanford Site groundwater with solutions containing
Na,Cr0,, UO,(NO;), and NaNO;. The concentrations of spike contaminant in the
test groun&haters are g1ven in Table 4-1.

The spiked groundwaters will be used in both the precipitation and anion
exchange tests. For both sets of tests, two-level, full-factorial experimen-
tal designs will be performed in which Cr(VI) U(VI) and NO;” concentrations
are the test factors run at high and low va]ues Thus, 2 x 2 x 2 = 8 differ-
ent solution compositions will be prepared and used.
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Table 4-1. Concentrations of Spike Contaminants in the Test Selutions.

Concentration (ppb

Solution Number .

Cr{VI) U{vl) NO,
1 2,000 800 200,000
2 2,000 800 2,000
3 2,000 40 200,000
4 2,000 40 2,000
5 50 800 200,000
6 50 800 2,000
7 50 40 200,000
8 50 40 2,000

The lowest concentrations of Cr(IV) and uranium in these spiked ground-
water solutions are values near the maximum contaminant level (MCL) for those
species. The lowest value for nitrate was chosen to reflect a trace value for
nitrate. The MCL for nitrate in drinking water is 45,000 ppb. This concen-
tration is equivalent to about 0.73 mmol/L and is comparable with the concen-
trations of the anionic species naturally occurring in the Hanford Site
groundwater, bicarbonate (HCO;", 2 mmol/L), chloride (C1°, 0.1 mmol/L) and
sulfate (SO » 0.1 mmol/L}. %herefore, nitrate at the 45,000 ppb MCL level
cannot be considered a chemically trace constituent in the groundwater whereas
chromate and uranjum at their respective MCL ievels can.

To assess accurately the effects of nitrate on chromate and uranium
treatment tests as well as not overwhelm the groundwater chemistry, the Tower
level of nitrate was selected to be, at 2,000 ppb, substantially lower than
the MCL. The selected upper concentration, 200,000 ppb, is representative of
many contaminated Hanford Site groundwaters.

It is noted that incidental nitrate will be admitted by using UO0,(NO;)
as the uranium spike. The quantity of NaNO; added to the test solutions wi]ﬁ
be adjusted appropriately to compensate for-the concentrations of nitrate
introduced in this way.

4.5 PRECIPITATION TESTS

The precipitation tests will be undertaken using two candidate precipi-
tating agents; a combined ferrous sulfate and sodium sulfide treatment and a
disodium hydrogen phosphate treatment. The initial tests will be conducted in
duplicate (two for each solution/precipitation agent combination) on the test
solutions described in Table 4-1 and in centrifuge vials at about 10 to 20 mL
solution volume per vial. Following introduction of the precipitating agent,
a 30-min contact time is suggested during which glass-covered stirbar agita-
tion will be used. After the 30-min contact, the suspensions will be centri-
fuged in the centrifuge vials and the volume and percent water of settled
solids noted. A sample of the supernatant solution will be drawn via syringe
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and filtration accomplished using syringe filters. These filters are made of
cellulose or cellulose acetate and have nominal 0.45 pm pore size. Tests to
determine filter adsorption of contaminants will be performed to demonstrate
that the precipitating agents and not the filter are responsible for the
reduction of the contamination.

The filtrates will be analyzed spectrophotometrically for Cr(VI)
concentration using the diphenylcarbazide reagent. The concentrations of
total chromium will be determined by ICP spectrometry and uranium concentra-
tion determined by laser fluorimetry while nitrate concentrations will be
determined by IC. These determinations will be performed by Analytical
Laboratory personnel.

Precipitation kinetics tests will be conducted in a similar experimental
manner. In the kinetics test, solution number 1 (Table 4-1) will be treated
with the selected precipitating agent(s) and stirbar agitation commenced.
ATiquots will be drawn and filtered periodically at contact times as Tow as
1 min and as long as 24 hr. Duplicate runs will be conducted for each
precipitating agent. Chemical analyses shall be conducted as described for
the initial tests. Reduction of chromate by the ferrous sulfate and sodium
sulfide treatment is expected to be rapid. The immediate spectrophotometric
analysis for Cr(VI) therefore is imperative.

Duplicate precipitation kinetic tests will also be performed with the
selected precipitation agent(s) on contaminated groundwater pretreated by a
biodenitrification procedure. The tests will be identical to those conducted
on solution number 1,

4.5.1 Ferrous Sulfate - Sodium Sulfide

The ferrous sulfate and sodium sulfide treatment is an evolution of a
standard method used earlier for treating chromate-contaminated waters. The
standard approach employs sulfuric acid (H,S0,) acidification and ferrous
sulfate reduction followed by lime (Ca(OH),) neutralization and precipitation.
This approach is reviewed by Wikoff (1988).

Based on the experience of Beller (1989), and the related work reported
b; Wikoff (1988), the stepwise introductlon of Na,§ solution at about 12 mg
$*°/L followed by FeSO, at about 10 mg Fe®’/L will be performed for Hanford
Site groundwaters. This choice of reagent concentration follows Wikoff (1988)
studies of streams, which most closely resemble the Hanford Site groundwaters.
According to these studies, the ferrous and sulfide ions act both as
reductants of Cr0,>" and as coprecipitants, with Fe*, of the resulting Cr’*
jon. The reversig]e reaction

Fe?* o Fe* + e (1)

also is thought to act as an electron shuttle (catalyst) between the chromate
being reduced and the sulfide being oxidized.

The studies of Beller (1989) and Wikoff (1988) were undertaken with an
eye towards application to an existing facility which relied on removal of the
metal precipitates by gravity settling. Thus, addition of an anionic floccu-
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Tent was studied, and ultimately was implemented, as a means to coagulate the
extremely fine and slowly settling sulfide and hydroxide precipitates. For
the wastewater compositions studied by Wikoff (1988) closest to the composi-
tions of the Hanford groundwaters, Betz 1120° (trademark of Betz Industrial,
Trevose, Pennsylvania) was found to be the most effective, of the 20 or so
flocculating agents tested, in coagulating the product floc.

Crossflow membrane filtration, however, has been successfully demon-
strated in the removal of ferric hydroxide precipitants, without surfactants
or flocculating agents, from Hanford Site groundwater and low-level wastewater
streams (Hodgson 1988). 1In the design of an ex situ groundwater treatment
process, an active solids-removal step such as crossflow fittration is
required to achieve a high assurance of contaminant removal under operating
conditions. For this reason, surfactant addition will not be investigated in
the experimental program outlined here unless tests show adequate filtration
performance is not achievable with the simple sodium sulfide-ferrous sulfate
treatment. In that case, further investigations may be conducted to select a
suitable flocculating agent.

4.5.2 Disodium Hydrogen Phosphate

The disodium hydrogen phosphate treatment has been utilized in the
removal of uranium from process waste solutions from a fuel element fabrica-
tion plant in Germany (Muller 1984). The uranium concentrations evaluated in
that study ranged from zero to 0.18 g U/L {for ammonium uranyl carbonate
filtrate). The goal of the German treatment tests was to reduce the uranium
activity to <370 Bq/L (equivalent to 10* pCi/L or 0.028 g/L). Treated AUC
filtrates were reduced to as lTow as 900 pg U/L.

The goal of the present tests is to reduce the uranium concentration to
less than 15 pCi/L (approximately 22 pg U/L). Laboratory studies of uranium
removal from Hanford groundwater using brushite coprecipitation showed concen-
trations as low as 100 pg U/L could be obtained while phosphate treatment of
dilute acidic uranium-bearing wastewaters contacting Hanford sediment yielded
uranium solution concentrations <1 pg U/L (Appendix B and C).

Scouting tests will be conducted in which test solution number 1
described in Table 4-1 will be treated with a volume of Na,HPO, solution
equivalent in molar quantity to the calcium available in tﬁe groundwater
aliquot. Supplemental addition of CaCl, solution, with equivaient additional
Na,HPO, solution, may be necessary to aih1eve satisfactory uranium and
chrom1um decontamination. Therefore, scouting tests using soiution number 1
will be conducted to determine what level of supplemental CaCl, and Na,HPO,
addition, if any, is required. Following the scouting tests, and if t %e test
results are judged to be promising, the statistically designed initial tests
and the kinetics tests will be conducted.

4.6 ANION EXCHANGE TESTS
Strong-base anion exchange removal of the targeted groundwater contami-
nants (nitrate, Cr(IV), and uranium) has been demonstrated, though not

simultaneously. The technical literature regarding removal of uranium from
carbonate solutions used in the dissolution of uranium values from in-place
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ores (in situ leaching, Bibler (1989)), excavated ores (ex situ leaching,
Benedict (1981) and Kirk-Othmer (1981b)), as well as in the remediation of
groundwaters ((Delegard (1986) and Lee (1983)) is particularly prominent. The
high affinity of the uranium species present in the Hanford groundwaters, the
carbonato complexes, U0,(CO, ) and UQ,(CO; ) ; for strong-base anion exchange
resins is the key to the potentia] success of this approach.

Less well documented is the use of strong-base anion exchange in the
removal of chromate and nitrate from contaminated waters. Treatment of
municipal-supply contaminated well-water via anion exchange has been imple-
mented to reduce nitrate concentrations to less than 23 mg NO," /L (Sheinker
1977}. The goal in the present treatment tests is 45 mg NO, /L. The removal
of Cr(IV) from corrosion inhibitor solutions used to condition water-cooled
heat exchanger equipment has been implemented. Again, strong-base anion
exchange has been the method of choice Kirk-Othmer (198la).

4.6.1 Experimental Approach

Based on conversations with technical representatives of the resin
manufacturers Rohm and Haas and Dow Chemical Company concerning the particular
application addressed in this test plan, three resins were selected for
1nvest1gat1on Two res1ns were recommended by Rohm and Haas (1990); Amberlite
IRA-402% and IRA-410° (trademarks of Rohm and Haas Company, Phi]adelph1a,
Pennsylvania). Both these resins are conventional spherica]]y shaped gel-type
resins. Dow Chemical Company recommended Dowex 21K° (trademark of Dow
Chemical Company, Midland, Michigan), also a gel-type resin.

The other principal physical form is the macroporous or macroreticular
resins. The macroreticular resins have numerous pores throughout the resin
particle effectively reducing the length of the solute diffusion path and thus
increasing sorption/desorption rates compared to the conventional gel resins.
Though not as physically rugged or kinetically fast as macroreticular resins,
gel resins have higher exchange capacity and are less expensive.

A1l three resins selected for study are styrene-divinylbenzene copoiymer
matr1ces with quaternary ammonium functional (exchange) groups. The Amberlite
IRA-402° and Dowex 21K* are Type I resins with benzy] trimethylamine function-
alities; the Amberlite IRA-410° is a Type II resin with benzyl-dimethylethan-
olamine functionality. The Type II anion resin has slightly lower basicity
than the Type I resin and requires less regenerant.

Before use, the test resins must be conditioned with an appropriate
regenerant salt. In ion exchange, the ion(s) to be removed from solution will
be exchanged for jons loaded on the resin. The exchange equilibrium is shown
in the following reaction:

RZ*X + C w» RZ'C" + X (2)

where Rz is the resin polymer, X~ is the anion of the regenerant salt and C
is the contaminant anion. The anion of the regenerant salt must be environ-
mentally acceptable for discharge to the groundwater (preferably already

present as a noncontaminant in the groundwater) and be chemically compatible
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with the influent groundwater so that unwanted precipitation reactions do not
occur in the column and cause hydraulic plugging. The salt itself must have
high solubility to be an effective eluting agent for the contaminant-loaded
column.

Sodium chloride (NaCl) and carbonate (Na,C0;) are recommended (Dow 1988)
for the regeneration of anion exchange co]umns used in uranium recovery oper-
ations. For application to the present studies, sodium chloride fulfills the
criteria of being environmentally benign, present naturally in the Hanford
groundwater and having high solubility for use as an eluant. The chloride ion
will not react with species in the Hanford groundwater to cause an unwanied
precipitation reaction in the column. Carbonate, however, may precipitate
calcium carbonate (CaCO,) in the column. Therefore, resin conditioning and
regeneration by use of iH NaCl solution will be used in these tests.

Three sets of experiments are planned to evaluate the performance of the
three resins for removal. The three sets of experiments are batch contact
tests, breakthrough capacity column tests and load/elute cycling tests.

The effluent solutions will be analyzed spectrophotometrically for
Cr(VI) concentration using the diphenylcarbazide reagent. The concentrations
of total chromium will be determined by ICP spectrometry. The nitrate
concentration will be determined by IC. The uranium concentration will be
determined by laser fluorimetry. These determinations will be performed by
Analytical Laboratory personnel.

After ihe best resin is selected, confirmatory tests (using the
breakthrough column method) will be conducted on actual contaminated (both
biodenitrification treated and untreated) Hanford groundwater.

4.6.2 Batch Contact Tests

Batch resin/solution contact tests will be run for each test solution
described in Table 4-1 with each of the three candidate resins. Two experi-
ments, at 5 and 25 mL/g solution/wet conditioned resin ratio will be run for
each test solution/resin combination. Contact times will be 30 min. Follow-
ing contact, the mixtures will be centrifuged and the solutions anaiyzed for
Cr(IV), total chromium, nitrate, and uranium.

Solute adsorption onto jon exchange resins generally follows the
Freundlich adsorption isotherm:

y = kC? (3)

where y is the guantity of solute adsorbed per mass of resin, C is the con-
centration of solute remaining in solution and k and n are constants. The
quantity of the solute species on the resin is determined by difference
between the gquantities of solute found in the solution before and after resin
cggtz}ct(.i By taking logarithms of equation (3), the foliowing equation is
obtained:

Tog(y) = log(k) + n Tlog(C) (4)

12
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Therefore, plotting of log(y) on the y-axis versus log(C) on the x-axis wiil
yield a straight line of slope n and a y-intercept of log(k). More impor-
tantly, by using this relationship, the resin loading at 100% breakthrough
(where effluent concentration equals influent concentration) can be predicted
an? t?etcgpacity of the resin, in terms of throughput column volumes,
calculated.

The experimental design allows four Freundlich plots to be made for each
contaminant of interest. The four plots correspond to the four different
concentration combinations of the remaining two contaminants. The solution
number combinations for the four Freundlich plots for each contaminant are
shown in Table 4-2. Because two different solution-to-resin ratios are used
(5 mL/g and 25 mtL/g), four well-spaced points will be obtained for each log-
log Freundlich plot.

The projected contaminant breakthrough capacities found for each resin
and co-contaminant level will be calculated and compared. Based on the
results of the batch tests, one (or perhaps two) resin(s) will be selected for
breakthrough capacity column tests and load/elute tests.

Table 4-2. Solution Numbers to be Used in Freundlich Plots.

o

Contaminant Contaminant Concentration (ppb) Solutiop
cr(vI) u(vI) NO,~ Numbers
Chromate -~ 800 200,000 1+5
-- 800 2,000 2+ 6
-- 40 200,000 3 +7
.- 40 2,000 4 +8
Uranium 2,000 -- 200,000 1 +3
2,000 -- 2,000 2+ 4
50 -- 200,000 54+ 7
50 - 2,000 6 + 8
Nitrate 2,000 800 -- 1l +2
2,000 40 - 344
50 800 -~ 5+ 6
50 40 -- 7+8

* Solution number and concentrations from Table 4-1. Note that
two different solutions are referenced, and therefore, the concentration
gf thg ﬁontaminant whose value is different for the two solutions is not

ste ere.
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4.6.3 Breakthrough Capacity Column Tests

Using the test solution number 1 from Table 4-1, breakthrough capacity
tests will be conducted for the resin{s) of interest. Solution 1 is chosen
because it presents the highest 1oading for the columns. Columns having
approximate 1-cm diameter and 5-cm length of resin will be prepared in the
chloride form. The quantity of wet resin introduced to the column will be
determined by weighing and the diameter and Tength of the resin bed measured.

Using a metering pump, test solution number 1 will be introduced to the
resin cotumn upflow (i.e., from the bottom up) at the rate of about 60 mL/h.
This loading rate corresponds to about 16 bed volumes {column volumes) per
hour at the resin column dimensions described and is typical in ion exchange
application. Effluent samples will be collected periodically, as described
below, and the solutions analyzed for chromate, total chromium, uranium and

‘nitrate. The breakthrough of the contaminants will be monitored via the

analytical results.

The breakthrough tests will be run until the volume passed through the
column is 120% of the breakthrough capacity of the contaminant having the
highest predicted breakthrough capacity. From 15 to 20 column effluent
samples will be collected for analysis at points approximately evenly spaced
in the breakthrough test column loading.

The volume of solution corresponding to 120% breakthrough for each of
the three contaminants is predicted via the Freundlich isotherm results from
the batch contact tests described in Section 4.3.2. The breakthrough capacity
for each contaminant at the test solution 1 composition is predicted by the
Freundlich isotherm plots of the following batch test results:

Contaminant Solution Numbers
Chromate 1+5
Uranium 1 +3
Nitrate 1+2

At equal contaminant concentrations, the affinity of the four contami-
nant species for the resin is expected to increase in the order:

NO,” < Cr0,2 < U0,(C05),%" < UD,(CO;),*

However, in test solution 1, the concentration of nitrate dominates the
concentrations of the chromate and uranium species and thus will compete
strongly for exchange sites on the resin despite its lower affinity for ion
exchange sites. Solution 1 therefore, is the solution presenting the most
difficult test for the ion exchange system. Suifate ion present naturally in
the water also may compete.

Breakthrough tests will also be performed with contaminated groundwater

(treated by a biodenitrification process under development at Pacific
Northwest Laboratory (PNL)).
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4.6.4 Load/Elute Cycling Tests

To test the resilience of the selected resin for in-process use,
repeated {at least 10 cycles of) loading and eluting of the resin will be
performed. Solution number 1, described in Table 4-1, will be the solution
used in the cycling tests. Solution I is chosen because it presents the
highest loading for the columns. A l-cm diameter by 5-cm long column similar
to the column described in Section 4.3.3 will be prepared and the solution
Toaded upflow.

The column will be Toaded at about 16 column volumes per hour until the
volume necessary for the first contaminant to reach 50% breakthrough is
achieved. The volume at 50% breakthrough will be derived from the data
gathered in breakthrough tests described in Section 4.3.3. The column will
then be eluted, downflow, using 4M NaCl sotution. The efficiency of the
eluant will be tested during the first elution by collecting eluate sampies
and analyzing the samples for chromate, total chromium, uranium and nitrate.
The projected eluant volume is 1.5 to 2.5 column volumes (Rohm 1990).

Following elution, the column will be washed, downflow, with water and
prepared for the next load cycle. About 10 column volumes should be suffi-
cient (Rohm 1990). Qualitative checking for the presence of chloride ion in
the wash may be performed using silver nitrate (AgNO,) solution.

For each load cycle, effluent solution samples will be gathered at about
4 or 5 points in the cycle. The samples will be analyzed for chromate, total
chromium, uranium and nitrate. The load, elute and wash cyclie will be
repeated at Teast nine more times and the efficiency of the column for removal
of the three contaminants evaluated. At the last cycle, elution samples will
again be gathered and analyzed to retest the efficiency of the NaCl eluant.
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Westinghouse Internal
Hanford Company Memo
From: Laboratory Scheduling and Work Contrel 12630-923-06
Phone: 3-3883 T7-25

Date: January 28, 1993

Subject: Groundwater Treatability Tests

To: M. L. Bell T6-16

ce: E. J Kosiancic T6-16
JLE; JGP; WMS File/LE

Attached is the Groundwater Treatability Tests Laboratory Schedule
for your review and approval. BAll dates are subject to test
procedure document approval WHC-SD~EN-TC-003 and will be adjusted

accordingly.

If there are any guestions, please call Bil)l Smithers on 373-3883,
or mail to T7-25.

o A

[Jew

/&W

M.A.

Beck

g.G.

Hanford Operations sad Engieering C. for e US Dop

Kristofzski

of Energy
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APPENDIX B
TREATMENT OF URANIUM-BEARING GROUND WATERS WITH PHOSPHATE
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Internal Letter ﬂ Rockwell International
Date.  Qctober 21, 1985 No . 65454-85-143
TO0: . :N‘m'. Qrganiiatinn, Internal Address} FROM: .'?T.'ﬁ:q.ﬁgig'g';;"&" Address, Phone)
 Waste Management Program Office . Pu Process Development Unit
_2750E/200 E , _234-5/200 W
. 3-3723

Subject; , 1reatment of Uranium-Bearing Ground Waters with Phosphate

Discovery of high uranijum concentrations (up to 0.1 g U/L or ~60,000
pCi/L} in the unconfined aquifer underlying the 216-U-1/-2 cribs in the
Hanford 200 West Area in early 1985 has led to remedial action to remove
the uranium from the groundwater. The remedial action that has been
taken is to pump the uranium-bearing groundwater from a well near the
center of the plume and pass the water through a bed of anion exchange
resin. The uranium, present as the triscarbonato uranyl anion, is sorbed
on the resin while the decontaminated groundwater is disposed to the
ground. The uranium is eluted from the resin bed by 2 M ammonium nitrate
and is disposed to underground high-level waste storage tanks.

Since the object of the above remedial action is to decontaminate the
groundwater without concurrent uranjum recovery, other possibly Tess-~costly
methods may be considered. One method which may merit consideration is
carrier precipitation of the uranium using the mineral brushite, CaHP04.

Some experiments conducted early in the U-1/-2 investigations centered on
various precipitation techniques to remove uranium from the groundwater.
0f the several methods tested, which included pH adjustment using NaOH and
KOH and addition of chemical reductants, addition of NaHaPQ, to the ground-
water was found to give the greatest decontamination. Sufficient T M
NaHsPO4 was added to the groundwater to make the resulting solution ™

0.0} M in NaHyPO4. Reaction of the NaHoPO4 with the calcium ion present at
~0.0T"M in the groundwater resulted in the precipitationof the mineral
brushite, CaHPO4. In precipitating, the brushite carried down uranium

and reduced the uranium solution concentration 1000-fold to ~107% g/L

60 pCi/L), well below Table II limits.

(
If the uranium concentration can be reduced to less than Table II limits for
solution pumped from the U-1/-2 plume by coprecipitation with brushite,
simple ground disposal of the phosphate-treated suspension may be feasible.
The uranium trapped in the brushite would be filtered by the Hanford
sediments and would be retained in a solid phase well above the water table.

The decontaminated solution could drain to the water table. The disposition
of uranium in the sediment would be comparable to the disposition of radiocactive
strontium or cesium as currently practiced in Hanford low-level waste disposal
to the ground.

B-2



WHC-SD-EN-TC-003 REV. 0

o

V. W. Hall Rockwell
Page 2 International

To demonstrate the feasibility of this approach, laboratory and field
experiments need to be conducted. The aims of the experiments would be:

1.

2.

Demonstrate in the laboratory that brushite precipitation will
?econtaminate less-concentrated U-1/-2 soTutions tobelow Table II
imits,

Determine the filterability of the brushite by Hanford sediments in
lab and field experiments.

Determine in Tab and field tests the hydraulic permeability of the
sediments as a function of brushite Toading to determine the size of
crib necessary to dispose the treated groundwater.

Before undertaking lab and field tests, however, an engineering feasibility
study must be conducted to answer the following questions:

1.

Is return of the uranium to the ground, albeit in a non-mobile form,
acceptable by current DOE and Washington State regulations; is it
acceptable politically.

If ground disposal is not acceptable, can filtration or other solids
removal techniques be applied; what happens to the uranium-bearing solids.

How do the costs of phosphate treatment in jts various options compare
to the currently practiced ion exchange technique.

Please call if you have questions or would like to discuss this proposal
further.

CH. Delega

Senior Chemist

CHD:q1j

cec:

T. A. Lanegfit

R. C. Routsgn
J. P. Sloughter
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APPENDIX C

URANIUM SOLUBILITY AND SORPTION ONTO HANFORD SEDIMENT IN
NEUTRALIZED U03 PLANT PROCESS CONDENSATE
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internal Letter @$% Rockwell International

oate.  June 8, 1987 No . 65454-87-081
TO: INamp Qrqaniestion, Inteinal Address) FROM: .name, O-gan-panan. tniarnn: Address, Prone)
. D. M, Tulberg . C. H. Delegard
. Environmental Engineering . Pu Process Development
. Z750E/D204/200E . 234-5Z/7200%
. 3~3723

Subject. , Uranfum Solubility and Sorption onto Hanford Sediment in
Neutralized UD; Plant Process Condensate

Refs:s See attached,

Introduction

Process condensates (UPC) discharged from the UO; Plant have been shown
by U.S. Testing to be essentially a nitric acid (HNO;) solutien contain-
ing trace levels of stainless steel corrosion produc%s {Fe,» Cr, Ni). .
Also present is uranium (U), whose concentration has recently averaged
4000 pCi per 1iter (approximately 6 mg U per liter). The current
practice of disposal of this acidic stream to the sediments of the 216-U~
17 crib requires neutralization to meet environmental discharge guide-
1ines regarding pH. In the absence of a pH buffer, pH control of this
strong acid neutralization under plant condi{tions 1s difficult.

Phosphate has been proposed as a poten£1a1 buffering agent since neutral-
ization of the fon H,POy to yleld HPO,“~ occurs at about pH 7 (Weiss,
1986). Phosphate also may limit U concentrations in the neutralized and
discharged UPC by its reaction with calcium fon in the sediment to form
the mineral brushite (CaHPO,). Brushite precipitation has been shown

(Muller., 1984 and Delegard, 1985) to coprecipitate or carry down U from
dilute solutions. Final U concentrations as low as 0.1 mg per 1iter even
in the presence of 0.01M bicarbonate have been attained (Delegard, 1985},
The presence of high concentrations of phosphate in Bismuth Phosphate
process discharges also was postulated to Timit the migration of four
tonnes of U in the 216-U~1 and -2 cribs. This postulation was based on
the discovery of the mineral calcium autunite, a caleium uranyl phos-
phate, high in the 216-U-1,2 crib sediment column (Delegard, et al.,
1986}, The effect of phosphate on the sorption of U onto Hanford
sediments, however, has not been studied in detail.

Accordingly, a request was made {Tulberg, 1987) to study the solubiTity
and sorption of uranium onto Hanford sediment in a simulated KOH~neutral-
{zed UPC as a function of pM and phosphate addition., Separate solubility
and serption experiments were performed in our Tabaoratory to evaluate
these effects, The tests performed and the test results are described
and evaluated in this report.

n 1sion
The effects of phasphate addition (0.004M phosphoric acidl) and pH (at

about pH 5, 7, 8.5, 9, 10 and 1l1) on the soTubility of uranium in KQH=-
neutralized simulated UPC solution, and on the sorption of the dissoived
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D. M. Tulberg Rockwell

Page 2 International
June 8, 1987

uranium onto the Hanford sediment, was studied. The simulated UPC was
0.1M HNO; and 6.0 mg U (as U(VI) nitrate) per liter. As expected, KOH
titration experiments showed addition of phosphate helped buffer the
solution pH at about pH 7.

In the solubility tests, U-bearing solids precipitated under all condi-
tions except for a pH 5 test having no added phosphate. The uranium
phase found in pH 7, 8,5, 9, 10 and 11 tests having no phosphate was
1dent1fied by X-ray diffractometry to be the mineral schoepite,

{OH} 4" 2H 20. Uranium sg1ut10n 9oncentrations in the presence of
Eoepi%e ranged from 107" to 107‘M (about 160 to 16 pCi U per liter).
With phosphate present, the pH 5, 7, 8.5, 9 and 10 tests yielded precip=-
1tates identified as autunite (H (Uo,) (FOd) ) and/or potassium autunite

8 (PO ) Yo Uranium soTutgcn concentratfons ranged from 107 to
ﬁ_%about 16 to 0.4 pCi U per Titer). At pH 11 with phosphate
present, schoepite and ancther, unidentified, phase were detected.
Uranium solution concentration in this test was about 3x107°M (500 pCi U
per 1iter).

The U-bearing supernatant solutions from the solubility tests were
contacted with Hanford sediment and the sorption of U onto the sadiment
determined after one week's equilibration. Final U solution concentra-
tions and distribution coefficients (Kd's) were evajuated for these
tests. For the tests w1tBout phosphate addition, final U concentrations
ranged from 10~ to 3x10~ M (1600 to 0.5 pCi U per 1iter) and Kd's ranged
from about 10 to 400 mL per gram. The pH of the suspensions before
contact had been adjusted to range between 5 and 1l1. Buffering reactions
with the sediment reduced the final pH range t¢ 7.7 to 8.7. For the
tests w1EB phosphate addition, final U concentrations ranged from 6x10” -9

to Bx107*¥M (about 1 to 0.1 pCi U per liter) and Kd's ranged from 5 to
5000 ml per gram. Buffering reactions with the sediment reduced the pH
range from 5-11 to 6.8-8.9.

Based on these results, phosphate addition to the UPC is recommended,

The addition of phosphate suppliies a buffering agent to aid pH adjustment
of the UPC. The phosphate also reduces solubility~contreiled U concen~
tration in the KOH-neutralized UPC in the pH range of 5 to 10 as compared
to the UPC without phesphate. Sorption and/or precipitation reactions
with the sediment further serve to reduce U solution concentrations. The
U solution concentrations are lower over a broader pH range in the
presence of phosphate than without phosphate.

im al M 1 ng M
Simulated UPC was prepared using reagent-grade HNO; and 530 g U per liter
uranyl nitrate stock. Reagent-grade phosphoric acid (HsP0,) was added as

required. Two stock solutions were prepared. Both had 0. OM. HNO3 and
6.0 mg U per liter. The phosphate-hearing stock solution also contained

c-3
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0.0040M HzPO4. A pH titration of each stock solution was run using 10M
KCH.

One~hundred mL aliquots of the stock solutions were measured and the pH
values adjusted to approximately 5, 7. 8.5, 9, 10 and 11 using 10M KCH
solution. The pH-adjusted solutions were set aside for 3-4 days and then
filtered through 0.003 pm pore size Amicon type CFS0A polysulfone
ultrafilters. The pH's of the solutions were measured and a sample of
each filtrate set aside for U concentration analysis.

Yellow-colored solids were collected in the fi{lters for all soclutions
except the pH 5 test having no added phosphate. The solids were prepared
and examined by X-ray diffractometry.

A sample of sediment from the 20-foot depth of well 299-W19~90 was
provided by the Environmental Engineering Unit. This well 1ies near the
affected 216-U~17 crib and is taken from the same depth as the UPC
discharge pipe. The sediment sample was apportioned to approximately 5-
gram subsamples using the cone and quarter technique. The subsampies
were weighed into 50-mL polycarbonate Oak Ridge style centrifuge tubes.
Thirty mi11i1iters of pH~adjusted UPC then were added to sach sediment
portion. Tripiicate experiments were prepared for each pH/phosphate
condition. The solution and sediment sampTes were shaken briefly and the
solution pH readjusted with HNO; or KOH solution to approximately the
original solution pH. The so]u%1on/sad1ment suspensions were capped
tightly, set on a reciprocal shaker and agitated at about 1 Hz, 6-inch
amplitude, at room temperature.

After one week's contact, the agitation was stopped and the supernatant
solutions ultrafiltered and sampled for uranium concentration. The pH
values of the suspensions were determined and recorded.

Uranium concentrations were determined by laser fluorimetry by personnel
in the Research Support Group. X=-ray diffraction analyses were performed
by R. L. Wilson of the Analytical Chemistry Group. Both groups are part
of the Analytical Laboratory Department of Safety and Quality Assurance.

Resylts and Discussion

Titration results of the simulated UPC solutions with KOH solution are
presented in figure 1. As expected, the UPC sclution without added
phosphate showed typical strong acid-strong base titration behavior in
that transition through neutral pH (5 to 9) occurred with enly minimal
change in added titrant., The UPC having added phosphate, on the other
hand, showed a pH inflection of about pH 72 This inflection corresponds
to the buffering reaction of HZPO to HPO4“". The relative titrant
volume width of this buffering reg1on is prcportiona1 to the ratio of the
concentration of added phosphate to the total concentration of acid in
the UPC., Thus, the buffering region of the phosphate~bearing UPC is

C-4
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about 0.004 (M H PO 300,01 (M HN03} + 2x0.,004 (M H3P04)3 or 4 percent of
the total titran% volume,

The analytical data and Kd values for the various solubility and sorption
experiments are presented in the table. The uranium concentration data
in the KOHM-neutralized synthetic UPC solutions are presented {n figure 2,
The total added urﬁn;um concentration in these solutions was 6 mg per
Titer or about 107"*'M. However, precipitation of U-bearing solids
occurred in all test solutfons except the pH 5 test having no added
phosphate., The sogubTTity-11mited U concentrations in the tests without
phoesphate were 1077 to 107 N or about 160 to 16 pCi U per liter. With
phospgate present, U concenirations were solubility-1imited to the range
3x107°M (at pH 11) to a minimum of 2x10™9M (at pH 7) or about 500 to

0.4 pCi U per Titer.

X-ray diffraction analyses of the solids showed schoepite (UO (OH) 5" 2H,0}
to be present in the pH 7, 8.5 and 11 tests having no added pﬁosphate.
The flat sa]ubility curve of schoepite between about pH 8 and 11 suggests
UO (OH) is the dissolved species in this range. Cationic species such
as UO Oa prevall at Jower pH. No evidence of anionic species, as wotuld
be shown by increased solubility at higher pH, was found. These data

are in general agreement with solubility and speciation data for U as
reviewed by Krupka, et al., (1983) and Allard (1982). The solubility-
1imited U concentrations, however, are as much as 1000 times lower than
concentrations found in similar experiments reported by Krupka, et at.
{1985).

Since the present experiments were conducted starting with acidic U
solutions and 10M KOH, 1ittle carbonate was expected to be present in the
test solutions. 1In the presence of sufficient carbonate, however,
schoepite {s not expected to form due to carbeonate complexation of the
uranium.

Diffraction analyses of the solids formed in the tests with phosphate
present showed autunite (H,(U0,),(P0,),) and/or potassium autunite
(Kz(Uoz) (PO41p} in the pH 5, ? 8.5, 5 and 10 tests while schoepite and
another, un1 entified. phase formed in the pH 1l test. Potassium uranate
phases gave similar, but not matching, X-ray diffraction patterns
compared to the unassigned diffraction peaks from the pH 1l test.
Solubility data for avtunites are scarce in the technical 1iterature.

The reviews by Krupka, et al. (1983} and Langmuir {1978} show little
information available on autunite solubility at near-neutral pH (most
data are for pH ~1-4). The presant data indicate that the avtunitels)
controlled dissoTved U concentrations at or below the schoepite solu-
b111;y at pH's from at Teast 5 to 10. Ab ve pH 7, complexing of the U by
HPQ,“~ to form species such as U0, (HPO, ) presumably was responsible
for increasing U concentrations. At pH fl, when the autunite soli1d phase
gave way to schoepite, further complexing resulted in dissalved U
concentrations higher than those found in the tests without phosphate.
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Sorption tests of the filtered U~bearing UPC solutions with Hanford
sediment were conducted. The test data are presented in the table.
Distribution coefficient (Kd) values were calculated and are also given
in the table., The pH values of the sediment/solution mixtures were
adjusted to approximately the original solution pH. However, after the
one week contact, the pH's of the mixtures were buffered to intermediate
values presumably by sediment-solution reactions. The pH changes which
occurred (presented in the table) ranged from an increase of about 3 pH
units (from pH~5 to 8) to a decrease of about 2 pH units {(from pH ~l1 to
9) for the tests without phosphate. The phosphate helped control the
mixtures' pH's closer to the original pH values. Thus, the pH increased
only about 2 pH units {(from pH ~5 to 7) at the Tow pH end and decreased
about 2 pH units at the high pH end for the tests w{th phosphate.

While the U Kd's were evaluated fn these tests, perhaps more meaningful
are the final U concentrations frem the sorption experiments. The final
uranium concentration data are shown in figure 3. The Kd valuves for the
tests without phosphate are lowest where the initial uranium concen-
trations are highest. At higher pH, where initial uranium concentrations
are low, Kd's are high., The net effect, as shown in figure 3, {s that
final U concentrations in solution for tests without phosphate are
extremely pH dependent. In contrast, the final vranium sotution concen-
trations for the tests with phosphate are uniform and lower over the wide
pH range studied. The reason for the low U concentrations for the :
phosphate tests is not clear. However, the coprecipitation of uranium
with CaHPO, (brushite) formed from reaction of phosphate with calcium fon
present in the sediment seems to be the most 11kely explanation of the
mgchanism of uranium removal from the solution,

C. H. Delegar
Staff Chemist

CHD/pJm
cc: L. L. Adams R. C. Routson _.
M. R, Adams M. J. Schliebe .
G. S. Barney . M. R. Schwab
D. L. Flyckt G. C. Shirey
V. W. Hall - R. L. Weiss
D. C. Hedengren Letterbook
A, G. Law Process Aids
K. L. Mudge

-6



~
N

9

WHC-SD-EN-TC-003 REV. O

N

D. M. Tulberg Rockwell
Page 6 International
June 8, 1987

References

Allard, B., 1982, "Solubilities of Actinides {n Neutral or Basic
Solutions™, p. 553 in Actinides in Perspective, N. M. Edelstein,

Editor, Pergamon Press, New York.

Delegard, C. H., 1985, "Treatment of Uranium-Bearing Ground Waters with
Phosphate™ {Internal Letter #65454-85-143 to V. W, Hall, Qctober 21,
1985, Rockwel]l Hanford Operations, Richland, WA).

Delegard, C. H., R, T. Kimura, A, G. Law, R. C. Routson and R, L. Weiss,
1986, Cha nd_Anion moval

Hanford Ground Water, RHO=-RE-SA-116P, Rockwell Hanford Operations,

Richland, WA,
Krupka, K. M., E. A. Jenne and W. J. Deutsch, 1983, ¥

Yalidation of fhe
WATEQ4 Geochemical Model for Uranijum, PNL-4333, Battelle-Pacific

Northwest Laboratory, Richland, WA.

Krupka, K. M., D. Rai, R. W, Fulton and R. G. Strickert, 1985,
"Solubility Data for U(VI) Hydroxide and Np(IV¥) Hydrous Oxide:
Application of MCC-3 Methodology™, p. 753 in Scientific Basis for

Nuclear Waste Management, Vol. YIII, C. M. Jantzen, Editor, Mate-

rials Research Society.

Langmuir, D., 1978, "Uranium Solution ~ Mineral Equilibria at Low
Temperatures with Applications to Sedimentary Ore Deposits™

Geochim, et Cosmochim, Acta, 42:547,
MU]]EP: H. M.s 1984: el in ion 1 il ign v
ktiven Abwa nnelementf igyng, EUR-9281,

Commission of the European Communities, Luxembourg.

Tulberg, D. M., 1987, "Sorptions of Uranium from the U Plant Process
Condensate Waste Stream™ (Internal Letter #65631-87-023 to
C. H. Delegard, April 16, 1987, Rockwell Hanford Cperations,

Richland, WA).

Weiss, R, L., 1986, "Neutralization of U03 Condensate Stream for
Disposal™ (Internal Letter #65453-86-048 to J. H. Rasmussen.,
April 10, 1986, Rockwell Hanford Operatfons, Richland, WA).



8-3

pH

13

12

11

10

Titration of 0.1M HNO3 With and Without 0.004M4 H3PO4 Using 10M KOH

e
o3
4
Ly

Figure 1

D

3 6

KOH Titration of UO3 Plant Condensates

Nor

0.004M
Phosphate Phosphate
-T__D_W'M
i T T i T 1 AR T i T
0 40 80 120 160 200 240

Volume of Titrant

280

0 "A3d €00-21-N3-0S~JHM



9 s 1 2985670737

Fiy..e 2

Dissolved Uranium Concentration in KOH-Neutralized 0.1M HNO;
With and Without 0.0044 H3PD4 as a Function of pH~

Uranium Concentration Versus pH

0.004H

Phosphate
© =
w0 -
5
L - ) NO
o Phosphate
-

pH

0 “AJY¥ €00-IL-N3-QS-IHM



01-2

Log [U], M

Fig.

23

Dissolved Uranium Concentrations in KOH-Neutralized 0.1M HNO3 With and Without 0.004M H4P04
After One Week Contact with Hanford Sediment as_a Function of pH -

[U] in Solutions with Sediment

—-10

pH

7] Ho Phosphate
0.004M Phosphate
n =
- = - x
T 1 | T ! ) 1 I
6.4 6.8 7.2 7.6 8.0 8.4 8.8

0 "A3¥ €00-2L-N3-QAS-3HM



I1-3

Table: Exp mental Data
Sample® Soin. pH Sed. Wt. In. [U) Log [UM Fin. U] Log LUIF In. pH  Fin. pH pH Ehange Fd
(grams) __ (q/L} (H) {a/L) (M) {(nL/q)
UNS—§ 5.449 4.915 6. 00E-03 —4.598 1.516-03 -5.198 §.025 7.7&8 2,743 8.1
UNE-2 5.449 G.0014 6,00E-0% —1,590 2,64E-03 - -4,955 5.219 - 7.773 2,554 7.6
UNS-3 5.449 4.598 &, 00E-03 © ~-4,598 2.51E-03  -4.977 4.908 7.749 2.841 9.1
UN7-1 86,725 4.7689 2,13E~04  —4.,010 4.BAE-0S  -46,.542 &.434 7.924 k.49 13.2
UN7-2 &6.726 4,471 2I3IE-04 —5,048 7,.726-05 2 —~4.189 &.963 7.58 1.017 11.8
UN7-3 &.7258 4.8529 2,13E-04  —=5H,098 9 1IE-O5 4,418 7.137 7.924 0.787 6.9
UNBE-1 7.453 4.483 I, 9VE-05  ~6.702 1, 13E-05 ~7.323 9.484 8.024 -0.43I8 14.6
tINg-2 7.453 4,854 3.93E-05 4,762 9.Q4E-06  -7.403 a.499 7,949 -0,51 19.6
unNa-3 7.453 4,083 I, 9IE-05 ~4&.702 B.BLE-04 =7.429 8,534 8.002 ~0.534 21.2
LN -1 ?.041 5.751 2.20E-0%  ~7.034 &4,24E-06  ~7.581 B8.944 8,052  -0.932 13.2
UNZ-2 2.011 S5.076 2.20E~05  ~7,.0%4 6.27G-08  ~7.4579 9,002 8.4a15 -0.9a87 14.0
LINY=3 ?.011 4,819 2.20E-05 =7.034 5,40E-06  ~7.444 B.854 8.0246  -0.820 19.1
UNIG-1 10,08 4,736 2.328-05  ~7.011 3.4BE-04  ~7.835 ?.742 B.127 ~1.415 35,9
UHIO-2 10.08 4,454 2.3I2E-05 7.0l 2LI0E-0&6  ~B.015 2.974 B.223 ~1.751 &1.2
UN1o-3 10.08 5.934 2.32E-05 ~7.011 3,.65E=-14 -7.814 2.874 8.172 =1.702 27.1
L]
1IMNEE-1 11,0975 §5.343 3.1686E-05 -4,074 9.12E~-07 -8.417 10.771 B.4%9 -2,072 189.5
UHL1-2 11.075 5.382 3.10E-05  —6.874 7,3HE-07  -03.509 10.948 B.S79 -~2.369 234.46
UNEI-3 11,075 5,125 3108608 —4.874 1,493E-07 -4.730 11.031 8.512 ~2,4689 114.3
UFS—1 5.%12 4,801 1.OME-04  ~0.339 4.99E-07  -B.478 5.07% &.854 1.775 7.3
UFs-2 5,312 4,883 1.0YE-04  —0.339 2, 12E-07 -5, 050 4.80% 4.878 2,073 25.5
w5-3 5,312 4.0446 1, 09E-06  ~B.337 1.97E-07 -9,082 q4.714 6.714 2 33.6
UP7—-1 5,872 5.518 S.30E-07 -0.452 t.71E-07 -9.144 &.791 7.319 0. 528 11.9
up7-2 6.872 5,304 S.3I0E-07 ~3.8652 4.53E-07  ~B.720 7.018 7.439 9.421 1.0
UPR7-3 6,872 5.799 S.30E-07 -, 452 2,24E-07 ~9.02& 5.9219 7.343 0.424 7.1
urg-1 0.274 5.447 2.70E-04  =7.933 2.5LE-07 -0.940 B8.245 7.932 0,334 5q.3
uFa-2 8.274 5,245 2.786~06  ~7.93% 2.09E-07 -B.%16& 8.572 B.024 -0.548 L A9.3
UFa-3 8,274 4940 2.70E-04 -7 ,933 3, 24E-07  ~B.B&& 8.493 7.96%  -1.529 15,8
UFo-1 8.931 4,473 4. 30E-0F -4.743 S.59E-07 -§.6821 8.941 B8.11& ~0.825 796. 6
ure-2 8,931 5.967 4,30E~-05 =4, 713 3, 36E-07 -4, 850 9,055 6.1 ~0.955 576,43
UFRe-3 8.931 5.4659 4.3I0E-0I —4, 748 2.3ZLE-0T7 0 —9.004 8.99 B.137 -0.853 FE0. &
upP 1-1 9.953 S.6891 1,34E-05 -7,249 S.55E-07  -8,4632 F.945 8.387 -1.558 | 117.9
UP 102 9,953 5,654 1,34E-05  =7.24% 2.9SE-07  —0.907 10.024 8.439 -1.585 235.7
UF10-3 ?.953 6,259 1.34E-05 T-7.2199 5.854E-07 0,533 10.024 8.458 -1.548 111.1
UFtl-1 11,0684 4.899 8,92E~-01 ~ -5.424 7.8iE-07 -B8.184  11.043 8.9498 -2.095 &£987.%
urg1-2 11,066 §.951 B.92E~04 ~5.4q25 | AE-06  -0.206 10.984 B.967 -2.01%  JOII.3
LF11-3 11.0656 S.1805 B,.92E-04  ~5,. 424 5.84E-07 ~H. 410 11.085 B.57 ~2.515 A3160.4
UN7-F 4.832 2.70E-04  -3%.933
uNg-R 7.804 7 09E-05 -&.4520
UNLI-R 11.073 I AHE-OE ~4. 038 .
*Sample number code: N = no phosphate; P = pliosphate; 5,7,8,9,10,11 » approx, pli; 1,2,3 = replicate number

-
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